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Perfusion Cardiac Magnetic Resonance
as a first line technique for the
assessment of suspected ischemic
heart disease
By Dr E Nagel, Dr. M Kolentinis, Dr. E Vidalakis & Dr. V Puntmann

Perfusion imaging with cardiovascular magnetic resonance (perfusion-CMR) is a diagnostic test for myocardial ischemia, which can be performed rapidly (within
approximately 30 minutes) and without using ionizing
radiation. It provides highly accurate, strong prognostic
data and elucidates the cause of symptoms, such as
chest pain, so reducing the need for unnecessary coronary angiographies. Perfusion-CMR is attractive for a
wide range of patients as a first line work-up method for
their symptoms. A recent international clinical effectiveness trial in 918 patients, who presented with chest pain
and intermediate to high pretest probability for coronary
artery disease (CAD) has demonstrated the non-inferiority
of perfusion-CMR in comparison to an invasive strategy
based on fractional flow reserve to guide patient management. Perfusion-CMR demonstrated a high positive predictive value for the presence of significant coronary artery
disease and a high negative predictive value for the occurrence of events. A positive test result should be followed
by coronary angiography, most likely with revascularization. A negative test result aids in the diagnosis of the
underlying, non-coronary, origins of the pathology, such
as micro-vascular disease or inflammation, which could
explain the patients’ symptoms and guide therapy.
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Background Evidence

Numerous studies involving a total
of more than 4000 patients have
evaluated the diagnostic accuracy
and predictive value of perfusionCMR, with coronary angiography
being used as the reference standard, with or without additional
fractional flow reserve (FFR).
Meta-analyses show sensitivities of
89% (88-91%), specificities of 76%
(73-78%) and accuracies of 86%
versus coronary angiography [1],
with slightly improved values being
obtained with higher field strengths
(3 Tesla versus 1.5 Tesla) or with
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stricter angiographic criteria (70%
stenosis versus 50% stenosis) [2].
Similarly, the data are slightly
improved when FFR is used as the
reference standard (89%/87%/88%)
[3]. The diagnostic accuracy was
not affected by sex (similar for men
and women) or the number of epicardial vessels involved. Perfusion
CMR has demonstrated superior
diagnostic accuracy compared to
SPECT in two large studies, namely
the multicenter MR-IMPACT II [4]
and the single center CE-MARC
[5], as well as in multiple smaller
studies summarized in meta-analyses [2,3].
Similarly, Lipinski et al. summarized the finding of 19 studies
of prognosis and demonstrated
the strong prognostic power of
perfusion-CMR [6]. In this metaanalysis, 11636 patients who
had an average follow-up time
of 32 months, showed very low
event rates for cardiovascular
death 0.3±0.3% and for myocardial infarction 0.4±0.3% when
they had a negative CMR result
(0.8±0.7% for the combined endpoint of cardiovascular death or
myocardial infarction). On the
contrary, with a positive perfusion
CMR event rates were 2.8±1.6%,
2.6±2% and 4.9±3.1% respectively (p<0.0001 for all), resulting
in hazard ratios of 7.7, 6.96 and
6.5. Similar to SPECT, ischemia
of ≥10% of myocardium in perfusion-CMR denotes the cut-off
percentage where revascularization may improve the outcome
[7]. The presence of a previous
myocardial infarction or diffuse
fibrosis/edema adds additional
prognostic value [8].
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than in the FFR-informed arm (35.7% in the MR
guided group vs. 45.0% in the invasively guided
group, p=0.005). There was no significant difference between perfusion-CMR or FFR-guided therapy regarding the occurrence of symptoms such as
angina pectoris (50.8% vs. 56.2%, p=0.21) or major
adverse cardiac events (death, myocardial infarction,
target vessel revascularization) (3.56% vs. 3.72%,
HR:-2.68 – 2.36 p=ns) [Figure 2]. These data show
that perfusion-CMR is a safe and effective alternative to invasive, FFR-supported coronary angiography in the guidance and optimal management of
patients with stable chest pain.
Analysis of the cost-effectiveness of the MR-INFORM
trial is still outstanding, but calculations based on the
CE-MARC [10] and the Euro-CMR data [11] and in
comparison to CTA [12] clearly indicate cost savings
for the majority of perfusion-CMR guided pathways.
CMR in patients with chest pain but
no significant coronary artery disease

Figure 1. Top panel: Perfusion-CMR during adenosine stress of a patient in the
MR-INFORM trial. The CMR study (upper panel) is clearly positive (red arrows demonstrate hypoperfused territory). The patient proceeded to invasive angiography
(lower panel) demonstrating a significant stenosis of the circumflex artery (red
arrows). Image copyright: Eike Nagel, on behalf of the MR-INFORM investigators.

CMR is highly valuable tool in the assessment of the
underlying etiology of a multitude of cardiovascular
diseases due to its ability to assess function, regional
or diffuse fibrosis, edema due to inflammatory processes and micro-vascular flow. For this reason, CMR
is the main diagnostic modality used after a negative
coronary angiography in patients who present with
chest pain and a positive troponin test [13]. In patients
with this syndrome– originally known as myocardial
infarction with normal coronary arteries (MINOCA),
CMR was reported as being able to elucidate in 87%
of cases the underlying mechanism of the troponin
rise [14], with the most frequent causes being myocarditis, takotsubo cardiomyopathy or acute myocardial
infarction. Furthermore, other causes of chest pain in
patients with low pre-test likelihood for CAD, such as
pericarditis, myocarditis or micro-vascular disease can
be identified by CMR; these would be missed if invasive or computed tomography coronary angiography
were used to rule out coronary disease.

The recently published MR-INFORM trial [9] is
an international, randomized controlled trial, which
compared the clinical effectiveness of a perfusionCMR guided strategy with an FFR-guided strategy to
manage patients with chest pain and medium to high Guideline recommendations
pre-test probability of CAD. The results indicate Perfusion-CMR is cited in all international guidelines
that perfusion-CMR can guide further management for the detection of coronary artery disease. In the ESC
as effectively as invasive angiography supported by and EACTS guidelines for revascularization (2018)
FFR [Figure 1]. In the
and stable corostudy, 918 patients
“... The results indicate that perfusion-CMR nary artery disease
with stable chest pain, can guide further management as effectively as (2013), perfusion≥2 risk factors or
CMR was given a
invasive angiography supported by FFR...”
positive ECG stress
Class Ia recommentest were randomized
dation for symptominto a non-invasive arm guided by stress perfusion- atic patients with intermediate pre-test probability
CMR or an invasive arm guided by angiography with for CAD. In addition, the 2013 ESC guidelines on the
supplementary FFR. All patients received guideline- management of stable coronary artery disease recomdirected medical therapy. In the CMR-informed mend, for the above class of patients, an imaging stress
arm only 40.5% required an invasive angiography test, including perfusion-CMR, instead of stress ECG,
despite an intermediate to high pre-test likelihood if the appropriate local expertise is available. Furtherof 74% according to a modified Diamond and For- more, perfusion–CMR is one of the imaging stress
rester score and fewer patients were revascularised tests that should replace stress ECG in those patients
24
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Figure 2. Kaplan-Meier curves of event free survival of the MR-INFORM trial. The blue curve denote sthe patients
guided by perfusion-CMR. The orange curve denotes the patients guided by invasive angiography and fractional
flow reserve. Image copyright: Eike Nagel, on behalf of the MR-INFORM investigators.

who have ECG abnormalities that
make the interpretation of ECG
during stress difficult. According
to the same guidelines, symptomatic patients with prior revascularization either by coronary artery
bypass graft (CABG) or percutaneous coronary intervention (PCI)
benefit from an imaging stress test
such as perfusion-CMR [15,16].
ACC appropriateness criteria from
2014 consider perfusion-CMR as
appropriate in patients with intermediate pre-test probability and
non-diagnostic exercise ECG as
well as in patients with high pretest probability independently of
the interpretability of the exercise
ECG [17]. These guidelines are currently being updated.
Summary

As demonstrated by the evidence
presented in this article, perfusionCMR is a powerful diagnostic tool
for the work-up of patients with
stable chest pain. New evidence
may further expand the use of
perfusion-CMR in clinical practice
into a broader spectrum of patients,
particularly those with low- to
intermediate- pre-test probability, where a negative test carries a
favorable prognosis and also frequently allows the identification of
the underlying non-coronary cause
of the symptoms. More importantly
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though, in patients with intermediate to high pre-test likelihood for
CAD, the current invasive strategy
can be safely replaced by a 30-minute imaging test, thus obviating
the need for radiation exposure or
invasive access.
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